Numerous species in Family Dermestidae (Coleoptera) are important economic pests of stored 16 goods of animal and vegetal origin, and museum specimens. Reliance on chemical methods for 17 of control has led to the development of pesticide resistance and contamination of treated 18 products with insecticide residues. To assess its practicality as an alternate method of control, 19 we review the literature on the tolerance of dermestids to extreme hot and cold temperatures. 20 The information for dermestid beetles on temperature tolerance is fragmentary, experimental 21 methods are not standardized across studies, and most studies do not consider the role of 22 31 32
acclimation and diapause. Difficulties in determining the diapause status of dermestid larvae 23 may explain the lack of studies. The few studies that do examine these factors show that they 24 can greatly increase tolerance to cold temperatures. The use of extreme temperatures will 25 need to target the most tolerant life stage, which for dermestids at cold temperatures will 26 potentially be the cold-acclimated individuals in diapause. The development of effective 27 protocols will be facilitated by studies that clearly and completely describe experimental and 28 statistical methods, consider factors (life-stage, acclimation, diapause) that increase tolerance 29 to extreme temperatures, and assess the mortality at various temperatures to develop 30 mathematical models. 34 Dermestid beetles (Coleoptera: Dermestidae) comprise a diverse group of more than 1200 35 described species in 45 genera. Most species are xerophilous necrophages; i.e., they develop on 36 the desiccated tissues and hairs of dead animals (Háva & Nardi, 2004; Kiselyova & Mchugh, 37 2006; Zhantiev, 2009) (Table 1) . Necrophagus species (e.g., Dermestes spp.) feed in animal 38 carcasses and on dead insects (Kingsolver, 2002; Zhantiev, 2009 ). Nidicolous species (e.g., 39 Anthrenus spp.) occur on mammals and in bird nests, where they feed on hair or feathers 40 (Peacock, 1992; Háva, 2004; Zhantiev, 2009) . A small number of species are predators and feed 41 on wasp and bee larvae, and on spider eggs (Zhantiev, 2009 ). Feeding on plants is atypical for of smaller size and lower water content have lower supercooling points. The digestive tract of 170 non-feeding life stages (e.g., pupae) do not contain food particles (which can act as ice-171 nucleators) and, therefore, have lower SCPs than feeding stages (Denlinger, 1991; Lee, 1991) . 172 Different life stages also may be associated with different microhabitats, which can affect SCPs, 173 freezing capacity, and loss of water (Denlinger, 1991; Fields, 1992) . A lower SCP does not 174 necessarily mean a higher cold-tolerance, for example eggs often have low SCP but are not the 175 most cold-tolerant stage (Fields, 1992) . However, within a given life stage, SCPs can often be 176 correlated with cold tolerance (Fields, 1992 ; Abdelghany et al., 2015).
INTRODUCTION

Diapause 178
Diapause is an endocrine-mediated dormancy characterized by an arrest in development and 179 suppression of metabolism that may either be obligate or facultative (Denlinger, 1991 Denlinger, 1991) . This is achieved by the activation of diapause-specific genes that encode for 198 proteins, which affect heat shock, energy metabolism and storage, hormonal regulation, and 199 clock proteins, that influence diapause induction (Kostál, 2006 (Griswold & Greenwald, 1941; Armes, 1988 Armes, , 1990 . In these 229 three species, diapause is controlled by an "internal clock", all individuals go through diapause, 230 but the timing and duration of diapause can be affected by photoperiod and temperature 231 (Blake, 1958 (Blake, , 1959 Armes, 1988 Armes, , 1990 . 232 Facultative diapause is present mainly in Trogoderma spp. and is defined mainly as a density-233 dependent phenomenon. During this stage the individual stay as mature larvae that feed and 234 moult occasionally, that can be identified by a low respiration rate (Beck 1971a) and a longer 235 larval stage (Burges, 1959 (Burges, , 1960 (Burges, , 1962a (Burges, , 1962b Nair & Desai, 1972 , 1973a , 1973b 
Relative humidity
Dermestid beetles are xerophilous (thrive in dry environments) and are able to survive feeding 261 on food with water content below 10% (Zhantiev, 2009 ). This likely reflects the use of water 262 obtained from metabolism, the absorption of water from the air, and (or) other strategies 263 (Hinton, 1953 cited in Zhantiev, 2009 Edney, 1971; Zhantiev, 2009 after 25 h. This variation may be due to use of different methods (Fields, 1992; Zhang, 2012) . 318 Many studies provide little or no information on whether larvae were acclimated or in 319 diapause, how the data were analysed, or on confidence limits to assess the variation in 320 responses among individuals. 321 Only six studies have assessed the effect of acclimation and diapause on cold-tolerance. 322 Lindgreen & Vincent (1959) showed that starvation reduced the mortality of T. granarium 323 larvae held for 36 days at -10 o C (Table 2) . These starving larvae were likely in diapause (Burges, 1960 (2015) showed that the two factors were synergistic, with 330 acclimation being the main factor that increases cold-tolerance in this insect. 331 Variation among studies confounds the detection of general patterns ( Table 2 ). The larval 332 stages appear to be the most cold-tolerant in the majority of dermestid species, particularly for 333 T. granarium (Mansbridge, 1936; Solomon & Adamson, 1955) . To achieve > 90% mortality for 334 larvae held at -10 o C, 30 days is required for T. granarium (Mathlein 1961 ), compared to 6 h for 335 T. inclusum (Reguzzi et al., 2011) . 336 Low temperatures are more likely than high temperatures to be used in thermal treatments for 337 pest control because, although longer exposure is needed to reach mortality, they are less likely 338 to damage the treated product (Evans, 1987; Linnie, 1999 most of these depend on the way the heat is delivered (Evans, 1987) . Avoiding damage to the 342 product requires studies specific to the product to determine the combination of temperature 343 and duration exposure needed to achieve control, followed by post-treatment studies to assess 344 product quality (e.g., for processed foods, preserved specimens, textiles) or viability (e.g., for 347 We identified 24 papers reporting on the control of dermestids with high temperatures (Table   348 3 The mechanisms of mortality are similar between extreme temperatures and desiccation, 363 adaptations to dehydration may enhance temperature tolerance (Danks, 1996 (Danks, , 2000 . Insects 364 adapted to tolerate dry environments will likely able to better tolerate extreme temperatures 365 (Danks, 1996 (Danks, , 2000 . Trogoderma granarium and A. verbasci appear to be the most heat-366 tolerant of the dermestids (Table 3) . When held at 50 o C, exposure for more than 5 h is required 367 to achieve >90% mortality for these species; whereas a similar level of mortality can be 368 achieved within minutes for other dermestid species. The result of T. granarium being more heat-tolerant is not unexpected, given that it is endemic to hot and dry environments (Hinton, 370 1945; Banks, 1977; Eliopoulos, 2013) . In contrast, T. variable, which has a Neartic origin (Table   371 1), seems to be less heat-tolerant, reaching >90% mortality in less than 5 minutes at 50 o C 372 (Kirkpatrick & Tilton, 1972; Wright et al., 2002) . Studies on A. flavipes and T. granarium also 373 suggest that relative humidity (rh) plays an important role in heat tolerance and when 374 increased, it might increase heat tolerance (Lindgren et al., 1955; Ayappa et al., 1957) 375
High temperature
Within the dermestids, T. granarium is among those that have greatest thermal tolerance such 376 that temperature treatments sufficient for its control would likely suffice for other species 377 (Howe, 1965; Fields, 1992) . In general, the published literature indicates that dermestid species 378 cannot survive exposures of more than 3 days at temperatures below -20 o C or more than 2 379 hours above 50-60 o C (Table 3) . Future studies to control dermestids at high and low 380 temperatures must include different life stages of the insect, a wide range of temperatures and 381 exposure times, and standardization of the analytical methods to determine the lethal time for 382 the 50 and 95% of the population (LT 50 and LT 95 ). The most widely used regression nowadays is 383 the probit regression, which must be used only when the mortality vs time data follows a 384 sigmoidal shape and should be reported with its variance estimates (fiducial limits) in order to 385 be comparable (Fields, 1992) . months in a year to establish and reach pest status (Hadaway, 1955; Howe & Lindgren, 1957) . 415 Based on this information, mathematical models predict that T. granarium is unable to 416 establish anywhere in Canada, except possibly in heated storage facilities (Ameen, 2012). 417 However, these models may need to be reassessed, given new information on the thermal 
